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1. Introduction
M any io n -c o n d u c tiv c  p o ly m e rs  h a v e  b e e n  re p o r te d  so  fa r  [ 1 ]. It 
is n e e d le ss  to  re - e m p h a s iz e  th e ir  fu tu re  a p p lic a tio n  a n d  sc o p e  
m to m o rro w 's  te c h n o lo g y  11,2]. R e c e n tly , B e rm u d e z  et al 131 
have re p o r te d  th a t su lfa m id c  a n d  its  d e r iv a tiv e s  e x h ib it e le c tr ic a l 
co n d u c liv ity  ( -  1 0 ^  S /c m )  a l ro o m  te m p e ra tu re . T h e  v a r io u s  
m e c h a n ism s  o f  c h a rg e  a n d  e n e rg y  t r a n s fe r  in  h io p o ly m e rs  in 
living b io lo g ica l sy s te m s  (C e llu lo se , C o llag en , M e lan in  etc, ) w ere  
s tu d ied  [4J in  d e ta i ls  h u t a  c o m p r e h e n s iv e  s tu d y  on  b io p ro d u c ts  
as c o n d u c t i n g  m a t e r i a l s  is  f o u n d  to  b e  r a r e .  T h e y  a re  
c o m m e rc ia l ly  c h e a p e r  a n d  n o n - to x ic  c o m p a r e d  to  th a t  o f  
sy n th e tic  p o ly m e r. F o llo w in g  H u m m e l [5 ] , o n e  c a n  say  th a t 
p o p u la r ly  k n o w n  s y n th e tic  c o n d u c t in g  p o ly m e r  o r  its  m a n y  
d o p an ts  u se d  to  e n h a n c e  th e  c o n d u c tiv ity , a re  h ig h ly  to x ic .
In  th is  p a p e r , a n  in v e s t ig a t io n  o n  th e  e le c tr ic a l c o n d u c tiv ity  
o f  s o m e  h i o p o l y m e r s  h a s  b e e n  d o n e .  T h e  p r e l i m i n a r y  
in v es tig a tio n  s h o w s  th a t n a tu ra l g u m  o c c u rr in g  fro m  so m e  p la n ts  
o f  A c a c ia  G e n u s  e x h ib i ts  e le c tr ic a l  c o n d u c tio n  p ro p e r tie s . It 
has b e e n  fo u n d  [61 th a t  th e r e  e x is t  n u m e r o u s  su c h  g u m lik e  
h io p o ly m e rs  w ith in  c o n d u c tiv i ty  ra n g e  ~ 10“  ^ to  10“* S /c m .
G u m  A ra b ic a  is a n  im p o r ta n t  s u b s ta n c e  in  m e d ic in e  an d  
bac te rio logy , its  c h e m is try  h a s  b e e n  w e ll s tu d ie d  [7 ,8 ] . It c o n ta in s
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in te r io r  c h a in  p - { \  3 ) o f l in k c d  D - g a la c to se  u n its , to  w h ich
c h a in  c o m p r is e d  o f  L - a ra h in o fu ra n o s c , L - rh a m o p y ra n o sc , and  
D -g lu c o p y ra n u ro n ic  a c id  u n it a re  a tta c h e d . A u lo h y d ro ly s is  o f  
s a lt free  p o ly s a c c h n d c , y ie ld s  L -a ra h in o se , L -rh a m o n o sc  an d  a 
D - g a la c tO “L  a r a b in o s e  d is a c c h a r id c ,  s h o w in g  th a t  th e s e  
e n ti t ie s  a re  l in k e d  to  th e  m a in  c h a in  a s  sh o w n  in g e n e ra liz e d  
s tru c tu re  18], w h ic h  su m m a riz e  th e  s tru c tu ra l fe a tu re  b u t d o c s  
n o t p la c e  u n iq u e ly  th e  m o n o s a c c h a r id e  a n d  d is a c c h a r id e  u n its  
a tta c h e d  to  th e  c h a in . T h e  d e ta i ls  o f  il m ay  be fo u n d  in lite ra tu re  
[8,91.
B e s id e  th e se  p la n t h io p o ly m e rs , th e  v a r io u s  c o m m e ric a l 
g u m s  e x tra c te d  fro m  a n im a l in g re d ie n ts  a re  a lso  fo u n d  to  he 
v e ry  h ig h  p o te n t m a te r ia l m th is  fie ld  11()|.
T h e  g u m  A ra b ic a  sp ec im en  u n d e r in v es tig a tio n  h as a  co m p lex  
m o le c u la r  s t ru c tu re  in  w h ic h  c h a in  o f  L -A ra b in o s e  (2 4 % ), 
L -G a la c to sc  (6 7 % ) a n d  L -R h a m n o se  (7 % ) a re  in te r l in k e d  w ith  
D -G a la c tu ro n ic  a c id  (~ 2 % ) u n it. I ts  m e ltin g  p o in t is a ro u n d  
160X:.
A  c o m p re h e n s iv e  e x p e r im e n ta l s tu d y  o n  th e  g u m  A ra b ic a  
a lo n g  w ith  so m e  p re lim in a ry  su rv e y  o n  so m e  o th e r  h io p o ly m e rs  
a re  p re se n te d  in  th is  p ap e r. In  S e c tio n  2 so m e  o f  th e  e x p e rim e n ts  
c a r r ie d  o u t o n  g u m  A r a b ic a  w ill b e  d e s c r ib e d  a n d  s e c t io n  
3 is d e v o te d  to  th e  re s u lts  o b ta in e d  a n d  d is c u s s io n s .
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2. Experimental procedure
2 . /  Preparation of biopolymer specimen
In th e  p re s e n t s tu d y  s a m p le s  a rc  p re p a re d  w ith  A c a c ia  A ra b ic a  
p o w d er (su p p lied  by L O B  A  C H E M IC A L , B o m b ay , Ind ia) o f  98 %  
p u rity  g ra d e  by  p re s s in g  it to  m a k e  it in th e  fo m i o f  a  p e lle t. T h e  
p o w d e re d  g u m  sa m p le  w a s  m a d e  as an  e x p e r im e n ta l sp e c im e n  
by  p re p a r in g  a  th ic k  v is c id  b u b b le  free  w a te r  so lu tio n  an d  th e n  
a llo w in g  it to  d ry  fo r  3 to  5 d a y s  d e p e n d in g  o n  th ic k n e s s  ( fo r  1 
m m  th ick  sp e c im e n  48  h o u r  is su f f ic ie n t tim e).
F in a lly , th e  .sp ec im en  th u s  o b ta in e d  is p la c e d  in  v a c c u m  
( -  10 ‘ m m  o f  H g ) fo r  a t le a s t fo u r  h o u rs . In fac t, th e  u se  o f  
a q u e o u s  so lu tio n  is o n e  o f  th e  s ta n d a rd  te c h n iq u e  in b io p o ly m e r  
sa m p le  p re p a ra tio n  e.jcf, h y d ro g e n  u ran y l p h o sp h a te  te tra h y d ra te  
[ 111. T h e  p e lle t  th u s  p ro d u c e d  w as  s a n d w ic h e d  b e tw e e n  tw o  
u n ifo rm  h ig h ly  p o lish e d  c o p p e r  e le c tro d e s . I 'h e  sa m p le  p re p a re d  
b y  th is  mcthcHl m a y  c o n ta in  tra c e  o f  ir e e  w a te r
2 .2. Detection o f conducting ion species
T h e  c o n d u c tin g  sp e c ie s  in S o lid  P ro to n ic  C o n d u c to rs  S P C  [1 2 ] 
m ay  be p ro to n  (H “^ ), h y d ro n iu m  (H ^CV), h y d ro x y l io n  (O H  ), 
a m m o n iu m  (N H ^^) o r  d ih y d ro n iu m  (H,^0^'*'). A f te r  a  c a re fu l 
e x p e r im e n t by  an  e le c tro c h e m ic a l  p ro c e s s  112, 13] it h a s  b een  
fo u n d  th a t th e  g u m  A ra b ic a  sa m p le  is  a lso  a  S P C  an d  c o n d u c tin g  
ion  sp e c ie s  in it a rc  fo u n d  to  be m o s tly  h y d ro n iu m  (H^O"^). A f te r  
a  lo n g -d u ra tio n  d .c  e le c tro ly s is  o f  th e  s a m p le  u s in g  p o ro u s  C u  
e le c tro d e s  (w h ic h  a re  p re p a re d  fro m  th in  c o p p e r  w ire  in  th e  fo rm  
o f  a  d e n se  s p ira l)  it  h a s  b e e n  fo u n d  th a t n o  h y d ro g e n  g a s  w a s  
d e le c te d  a t  th e  c a th o d e  r a th e r  a  lo s s  o f  th e  s a m p le  w e ig h t w a s  
re c o rd e d . T h e  m e n t io n e d  lo s s  o f  w e ig h t o f  th e  g u m  A ra b ic a  
.specim en  is c o n s is te n t  w ith  F a ra d a y 's  la w  o f  e le c tro ly s is  a n d  
e x a c tly  e q u a ls  to  th e  g a in  o f  w e ig h t by  th e  a n h y d ro u s  c o p p e r  
su lp h a te  w h ic h  is u.scd a s  a  w a te r  v a p o u r  trap .
2 .3. Ion transference number transient ionic current, bulk 
electrical conductivity, and Arrhenius p lo t:
F o r  e le c tr ic a l m e a s u re m e n t,  p o lis h e d  a n d  c le a n  c o p p e r  p la te s  
w e re  p re s se d  o n  b o th  su r fa c e s  o f  th e  b io p o ly  m e ric  film  to  e n su re  
g o o d  e le c tr ic a l c o n ta c t.  T h e  io n  t r a n s fe re n c e  n u m b e r  o f  m o b ile  
io n s  (m o s tly  h y d r o n iu m )  in  th e  b io p o ly m e r  w a s  c .s tim a te d  
fo l lo w in g  b lo c k in g  e le c tro d e  m e th o d  [2 ], te c h n ic a lly  k n o w n  as  
W a g n e r ’s p o la r iz a t io n  te c h n iq u e  | l 4 j .  In  th is  m e a s u re m e n t,  
p o la r iz a t io n  c u rre n t w a s  re c o rd e d  a s  a  fu n c tio n  o f  lim e  a c ro s s  a  
C u /e le c tro ly tc /C u  p ro to  c e ll a n d  w a s  re c o rd e d  by  a  N e tw o rk  
3 1 0 0  e lec tro m ete r.
T lie  io n ic  m o b ili ty  o f  m o b ile  sp e c ie s  o f  th e  g u m  A ra b ic a  
s p e c im e n  is  d e te r m i n e d  b y  u s in g  t r a n s i e n t  io n ic  c u r r e n t  
te c h n iq u e . T h e  sa m p le  w a s  su b je c te d  to  a  d .c . e le c tr ic  f ie ld  a c ro ss  
C u /s a m p lc /C u  c e ll to  p o la r iz e  it. T h e  tr a n s ie n t io n ic  c u r re n t w a s  
th e n  re c o rd e d  a s  a  fu n c tio n  o f  lim e  b y  re v e r s in g  th e  p o la r iz e r  
e le c tr ic  f ie ld . T h e  sa id  re v e r s a l  is  h o w e v e r , d o n e  b y  v e ry  s im p le  
s e t -u p  u s in g  a  m e rc u ry  c o m m u ta to r . The c u r r e n t  is  re c o rd e d  by  
a  c o m p u te r is e d  d a ta  a c q u is i t io n  sy s te m .
T h e  v a r ia tio n  o f  c o m p le x  im p e d a n c e s  a n d  lo s s  a n g le  w ere 
a ls o  s tu d ie d  fo r  a  b e t te r  in fo rm a t io n  o f  a .c . c o n d u c ta n c e  o f  the 
b io p o ly m e r g u m  A rab ica . T h is  m e a su re m e n t w a s  c a rried  betw een 
fre q u e n c y  ra n g e  1 K H z  to  2 M H z  by  L C Z  m e te r  (M o d e l 419 2 A , 
H P ) a n d  b e tw e e n  1 H z  to  I (K) K H z  b y  H IO K I l .C Z  m e te r  (M odel 
3 5 2 2 , Jap an ).
T h e  io n ic  c o n d u c t i v i t i e s  w e re  m e a s u r e d  to  d e p ic t  the  
A rrh e n iu s  p lo t o f  th e  io n ic  c o n d u c tiv i t ie s  fro m  33*^C to  1 2 5 V  
fo r  so lid  s p e c im e n  b y  u s in g  tw o  p ro b e  m e th o d . H IO K I 3522  
M e te r  w a s  u se d  fo r  th e  m e a s u re m e n t.  T h e  s te a d y  v o lt-a m p c rc  
c h a ra c te r is t ic s  o f  th e  so l id  s p e c im e n  w a s  a lso  m e a s u re d  usin g  
th e  sa m e  se t-u p .
3. Results and discussions
F ig u re  1 sh o w s  th e  v a ria tio n  o f  p o la r iz a t io n  c u rre n t a s  a  function  
o f  tim e . T h e  io n ic  t r a n s fe re n c e  n u m b e r  o f  m o b i le  .species in  the 
g u m  A r a b ic a  h a s  b e e n  e s t im a te d  b y  W a g n e r ’s p o la r iz a t io n  
m e th o d  [ 15 |.  T h e  to ta l cu rre n t /, th e  in itia l c u rren t at / = 0 ,  co n sis ts  
o f  b o th  io n ic  c u r re n t a n d  th e  e le c tro n ic  c u r re n t (/^), the 
s ta b il iz e d  c u rre n t. T h e  io n ic  tr a n s fe re n c e  n u m b e r  is o b ta in e d  by 
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Figure 1. Polarization current (/) in mA vs time elapsed it) in sec is 
plotted at room temperature 25'*C The O  represent the experimental 
measured value of the corresponding parameters Applied potential 
difference 1.9 Volts and specimen dimensions are of 0.5 mm thickness 
and 2 cm- in cross-sectional area.
T h e  io n ic  t r a n s f e r e n c e  n u m b e r  ( t ,,,„) w a s  fo u n d  to  b e  
'^ lon ^  c o n s id e r  th a t th e  o b s e rv e d  sp e c im e n
o f  g u m  A r a b ic a  e x h ib i t s  io n ic  c h a r a c t e r  l ik e  o th e r  s o l id  
e le c tro ly te s  a n d  c u r r e n t  o c c u rs  m o s tly  d u e  to  th e  m o tio n  o f  th e  
h y d r o n iu m  ( H 3 0 '*‘). T h e  s a m e  h a s  b e e n  v e r i f ie d  f ro m  th e  
m e n tio n e d  p o ro u s  e le c tro d e  e x p e r im e n t o n  th e  g u m  A ra b ic a  
w h i le  p a s s a g e  o f  e le c t r i c  c u r r e n t .  M o r e o v e r  th e  o b s e r v e d  
p o la r iz a t io n  c h a ra c te r is ite s  o f  th e  so l id  sp e c im e n  h a s  b een  fo u n d
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u> b e  c o n t r a d i c t o r y  w i th  e a r l i e r  r e s u l t s  o f  e l e c t r o l y s i s  
Studies [4].
T h e  v a r ia tio n  o f  t r a n s ie n t  io n ic  c u r r e n t  a s  a  fu n c tio n  o f  tim e  
tor the  g u m  A ra b ic a  s a m p le  is  shov^^n in  F ig u re  2 . E v e n  th is  v e ry  
s im p lis tic  m e a s u r e m e n t  e x h ib i t s  a  s in g le  c le a r  p e a k  w h ic h
Fif(ure 2. The transient lonie current (I) in pA vs time elapsed (/) in see 
IS plotted at room temperature 25’C The O  represent the experimental 
measurement value Sample thickness = I mm, cross-section area =: 1 cm  ^
and applied p d. = 15 volts.
in d ic a te s  th a t th e  c u r re n t is  d u e  to  a  s in g le  io n  s p e c ie s , in  th is  
case it is h y d ro n iu m  (H p^)  an d  its io n ic  m o b ility  ( At) is e s tim a ted  
u sing  th e  s ta n d a rd  fo m iu la .
rv (2)
w h e re  d (  =  I m m ) is  th e  sa m p le  th ic k n e ss , p  (=  5 0  se c ) is the  tim e  
o f  f l ig h t an d  V ( =  1.5 V o lts) is th e  a p p lie d  re v e rse  v o lta g e . 'Fherc 
e x is ts  so m e  u n c e r ta in i ty  in th e  m c a s u rm e n i o f  p  th is  is d u e  to  
la c k  o f  v e ry  sh a rp  re s o lu tio n  in  th e  d e te rm in a tio n  o f  th e  p e a k  in 
th e  m e a s u re m e n t. H o w e v e r , th e  e r r o r  in v o lv e  in it d o e s  n o t a lte r  
th e  o rd e r  o f  m a g n itu d e  o f  th e  e s t im a te d  v a lu e  o f  p . T h e  v a lu e  o f  
th e  io n ic  m o b ili ty  o b ta in e d  fro m  th e  m e a s u re m e n t a n d  u s in g  eq
(2 )  is  fo u n d  to  be  / i , ,  1-33 x  10**'* cm ^  V “ ‘s '
F % ure  3 sh o w s a  C o le -C o le  p lo t o f  th e  v a ria tio n  o f  im p ed an ce  
w ith  fre q u e n c y  o f  a p p lie d  a .c . fie ld . T h e  C o le -C o le  p lo t d e p ic ts  
an  im jportant e le c tr ic a l c h a ra c te r is tic s  o f  any  d ie le c tr ic  in  g en era l 
12 |. .show s a  s e m i-c i rc u la r  a rc  w ith in  th e  m e a s u re d  fre q u e n c y  
in tc r t a l .  T h e  c e n tre  o f  th e  se m i-c irc le  is b e lo w  the  rea l ax is . T h e  
lin e  jb in in g  th e  le f t c ro s s in g  p o in t o f  th e  a rc  w ith  rea l ax is  to  th e  
c e n t ^  m a k e s  an  a n g le  -  20^ w ith  re a l a x is . T h e  o b se rv e d  s in g le  
s c m iic irc le  in th e  C o le -C o le  p lo t in d ic a te s  th e  ex is ta n c e  o f  sin g le  
re la x a tio n  p ro c e s s  o f  th is  p ro to n  c o n d u c tin g  so lid .
F ig u re  4  sh o w s  th e  v a r ia tio n  o f  a .c . e le c tr ic a l c o n d u c tiv ity  
o f  s o l id  s p e c im e n  w ith  a p p l i e d  a .c .  f r e q u e n c ie s  a t ro o m
-4.5
Figure 4. Log electrical conductivities ) vs log frequencies (/) are 
plotted at room temperature 25 ’C The sample thickness and cross- 
scctional area are 0.5 mm and I cm- respectively The ^  represent the 
experimental points.
te m p e ra tu re . T h e  e x p e r im e n ta l a .c . c o n d u c tiv i t ie s  h a v e  b e e n  
c a lc u la te d  fro m  m e a s u re d  a d m itta n c e  d a ta  fo l lo w in g  re la tio n ,
0 )
Figure 3. Real part of impedance, Z* (a>) vs imaginary part is
plotted between frequency range 1 Hz and 100 KHz at room temperature 
25^. Sample thickness and cross-sectional area are 1 mm and 1 cm^  
respectively. The 0  represent the experimental points.
w h e re  Y' is  th e  re a l p a r t  o f  th e  a d m itta n c e ,  d  is  th e  s a m p le  
th ic k n e s s  a n d  A th e  c ro s s - s e c t io n a l  a re a  o f  th e  e le c tro d e s . T h e  
v a ria tio n  o f  a .c . c o n d u c tiv ity  w ith  fre q u e n c y  o) m ay  b e  d esc r ib ed
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fo l lo w in g  e q u a t io n  g iv e n  b y  A lm o n d  a n d  W e s t [1 6 ]  a n d  
J o n s c h e r 's  p o w e r  law  viz.
o r
lo g  lo g  0? 4- lo g  / r .
(4)
(5)
w h e re  K an d  n  a re  m a te r ia l  p a ra m e te r s  a n d  v a lu e  o f  n m a y  b e  
d ire c tly  e s t im a te d  fro m  th e  s lo p e  o f  e q . (5 )  an d  a re a s o n a b le  
v a lu e  o f  e x p o n e n t fro m  th e  F ig u re  4  w h ic h  is fo u n d  to  b e  0 .9 2  
w ith  v a lu e  o f  o b ta in e d  f ro m  e x t r a p o la te d  o r^  to  z e ro  
f re q u e n c y  a n d  fo u n d  to  b e  ~ 1.2 x  10 S cm "*. T h e  o b s e rv e d  
h ig h  v a lu e  o f  e x p o n e n tia l  in d e x  is s im ila r  to  th a t o b s e rv e d  fo r 
c i s - p o ly a c e ty le n e  (1 7 )  ( c i s - ( C H ) J  a n d  o th e r  c o n d u c t in g  
p o ly m e ric  sy s te m  [18] w ith  a -  10'*^ S cm"* a t 2 9 5  K  an d  
w a s  fo u n d  to  fo l lo w  co* v a r ia tio n . It h a s  a ls o  b e e n  re p o r te d  [ 18] 
th a t a t lo w  f re q u e n c y  (7 ^  is s l ig h tly  la rg e r  th a n  In  th is  
p re.sent p a p e r  th e  re s u lts  o b ta in e d  fo r  f ro m  d .c . e x p e r im e n t 
a re  h ig h e r  th a n  th a t o b ta in e d  fro m  e x tr a p o la te d  a .c . d a ta  w h ic h  
m a y  b e  d u e  to  th e  p o la r iz a t io n  e f f e c t a n d  s ta n d a rd  d e f ic ie n c ie s  
in  tw o  p ro b e  m e th o d  [2).
F ig u re  5 sh o w s  th e  A rrh e n iu s  p lo t, v a r ia tio n  o f  c o n d u c tiv ity  
w ith  te m p e ra tu re s  b e tw e e n  te m p e ra tu re  ra n g e  33*^C to  125*^C. It 
is c le a rly  seen  fro m  th e  F ig u re  5 th a t th e  l in e a r  n a tu re  e x is ts  u p to  
th e  s ta b le  te m p e ra tu re  ra n g e  (u p to  -  lOO^C) o f  th e  s u b s ta n c e  
w h ic h  is  a l s o  e s t a b l i s h e d  f r o m  th e  th e r m a l  a n a ly s i s .  A t
te m p e ra tu re s  a b o v e  lOO^C a  n o n - l in e a r  b e h a v io u r  a lo n g  w ith  a 
p e a k  in  e le c tr ic a l c o n d u c tiv i ty  a t a ro u n d  1 15‘*C is  o b se rv e d  m 
th e  A r rh e n iu s  p lo t . F in a l ly ,  e le c t r ic a l  c o n d u c t iv i ty  te n d s  to 
d e c re a s e  a b o v e  1 15®C. T h is  n o n - l in e a r  b e h a v io u r  is d u e  to  the 
c h e m ic a l  in s ta b i l i ty  d u r in g  th e  m e a s u r e m e n t .  In  fa c t ,  th is  
in te re s t in g  fe a tu re  is  fo u n d  to  b e  e x h ib i te d  by  m a n y  o th e r  SPC
[1 2 ] a n d  lin e a r  A r rh e n iu s  p lo t in  th e  s ta b le  te m p e ra tu re  range  
h a s  a ls o  b e e n  o b s e rv e d  fo r  o th e r  S P C  lik e  H ^ N Y S  a n d  FC^NGS 
[1 4 ]. T h e  o b se rv e d  n a tu re  o f  F ig u r e  5  w ith in  s ta b le  te m p e ra tu re  
ra n g e  a n d  th e  e q u a tio n  m a y  b e  g iv e n  by
<T =  a^^Exp\ - ^ 0
k j (b)
Figure 5. Log. d.c. conductivities ) [for solid specimen] calculated 
from stabilized d.c. are plotted against corresponding temperature tn the 
unit of lOOO/T), where T is the temperature in '*K. The sample thickness 
and cross section area are respectively 0.5 mm and 2 cm". The O  
represent the experimental points. The heating rate was S"C per minutes. 
Room temperature 53‘’C and applied potential difference 1.5 Volts at 
1 K H z .
w h e re  cTq is  th e  p re -e x p o n e n tia l  f a c to r  a n d  E^  ^ is  a n  a c tiv a tio n  
e n e rg y  fo r  c o n d u c tio n , w h ic h  is  e s t im a te d  a n d  fo u n d  to  b e  0 .1 7  
c V  w h ic h  is  c o m p a ra b le  to  th a t o f  o th e r  S P C s ' a n d  b io p o ly m e rs  
like  H U P  (191.
4. Conclusion
T h e  e le c tr ic a l p ro p e r t ie s  o f  th e  c o n d u c tin g  b io p o ly m e r  gum  
A ra b ic a  is s im ila r  to  th a t o f  sy n th e tic  c o n d u c tin g  p o ly m e r  d o p ed  
w ith  in o rg a n ic  sa lt a n d  s e e m s  to  b e  p ro to n  c o n d u c tin g  in  n a tu re . 
T h e  g u m  A ra b ic a  is  a  s ta b le  c o n d u c tin g  b io p o ly m jr  u p to  a 
te m p e ra tu re  l(X )T .
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